Introduction {#sec1-1}
============

Dyslipidemia is a single strong risk factor for the development of future cardiovascular events in the population such as stroke, coronary heart disease, myocardial infarction, and peripheral vascular disease.\[[@ref1][@ref2]\] It has been described as a disease of the economically advanced societies, but in recent times, it has been discovered to find its way into the semi-urban societies among its dwellers, who are at the increasing risk of developing future cardiovascular events.\[[@ref3]\] Hence, early identification and diagnosis of dyslipidemia at its earliest stage before the onset of cardiovascular events among this populace is a worthwhile cardiovascular preventive measure.\[[@ref4][@ref5]\]

In the evaluation of dyslipidemia, triglycerides (TGs), low-density lipoproteins-cholesterol (LDL-C), high-density lipoproteins-cholesterol (HDL-C), and total cholesterol (TC) are the lipid profiles that are commonly considered, with emphasis majorly on LDL-C as "bad lipoprotein."\[[@ref6]\] We were trying to say using either LDL-C alone or HDL-C alone is inadequate for te prediction of cardiovascular risk, especially in individuals with intermediate risk.\[[@ref7][@ref8]\]

Studies have, however, demonstrated that in times when the conventional lipid parameters (TG, HDL-C, LDL-C, and TC) remain apparently normal, lipid ratios such as the Castelli\'s risk index-I (CRI-I), CRI-II, atherogenic coeefficient (AC), CHOLIndex, and the atherogenic index of plasma (AIP) are the diagnostic alternatives that have been shown in predicting the risk of developing cardiovascular events\[[@ref9][@ref10][@ref11][@ref12]\] and effectiveness of therapy.\[[@ref13]\] CRI-I (also known as cardiac risk ratio \[CRR\]) has been particularly shown to reflect coronary plaques formation and the thickness of intima-media in the carotid arteries of young adults.\[[@ref14][@ref15]\] CHOLIndex is a relatively new simple index that has been demonstrated to predict the likelihood of developing coronary arterial disease (CAD) with more accuracy than the other lipid ratios.\[[@ref11]\]

The evaluation of cardiovascular risk in the Sub-Saharan African population has used some cardiovascular risk scoring systems such as the Framingham risk score, conventional lipid profile, and few lipid ratios.\[[@ref16][@ref17]\] Hence, the present study is aimed at evaluating dyslipidemia in semi-urban communities using the lipid profiles, lipid ratios, and AIP as estimates of cardiovascular risk.

Methodology {#sec1-2}
===========

Study design and participants {#sec2-1}
-----------------------------

This was a cross-sectional study that was carried out in Ekiti State located in Southwestern Nigeria. The participants in this study were members of semi-urban communities and they were mostly Yoruba speaking from five local government areas. Those selected for inclusion into the study were adults who were at least 18 years old and voluntarily consented. Exclusion criteria included pregnant women, those with features suggestive of organ failures such as heart or kidney failures or with acute illness. In addition, those who did not come fasting or declined consent were excluded from the study. The clinical evaluation was done over a period of 6 months at designated screening centers in the communities with prior notices obtained from traditional rulers, opinion leaders, church leaders, and mosque leaders.

Blood tests {#sec2-2}
-----------

Fasting blood samples (3 ml) were collected by venopuncture from the antecubital vein, into sterile plain bottles, under aseptic conditions (participants were already informed of fasting state and this was further ascertained at the point of sample collection). The blood samples were allowed to clot and centrifuged at 3000 rpm for 5 min. Serum was stored frozen at −20°C, and analysis was carried out within 1 week of sample collection. The serum was used for blood chemistry analysis -- TC, LDL-C, HDL-C, and TGs. The TC and the different cholesterol fractions were determined using commercially available reagent (Randox^®^ laboratories Ltd., UK).\[[@ref18]\] The concentration of LDL-C was determined using the Friedewald equation for participants with a TG \<4.5 mmol/L.\[[@ref19]\] Blood sugar was done with ACCU-CHEK^®^ glucometer (Roche Diagnostics GmBH, Sandhofer Strasse 116, 68305 Mannheim, Germany), the measuring range of the device for glucose is 50--600 mg/dl. All samples were analyzed at the chemical pathology department, Federal Medical Centre, Ido-Ekiti.

Lipids, atherogenic index, and lipid ratio evaluation {#sec2-3}
-----------------------------------------------------

Lipid abnormality was defined as raised when TG level ≥1.7 mmol/L, reduced HDL-C - \<1.03 mmol/L in males and \<1.30 mmol/L in females, and TC level ≥5.2 mmol/L (200 mg/dl).\[[@ref20]\]

The atherogenic index and lipid ratios were calculated using the following established formulas:\[[@ref10][@ref21]\]
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5\. CHOLIndex = LDL-C − HDL-C (TG \<400) = LDL-C -- HDL-C + 1/5 TG (TG \>400).

The following are the abnormal values of AIP, lipid ratios, and CHOLIndex for cardiovascular risk: AIP \>0.1, CRI-I \>3.5 in males and \>3.0 in females, CRI-II \>3.3, AC \>3.0, and CHOLIndex \>2.07.\[[@ref10][@ref11][@ref22][@ref23]\]

Ethical considerations {#sec2-4}
----------------------

Ethical approval was obtained from the Ethical Committee of the Federal Medical Centre, Ido-Ekiti.

Statistical analysis {#sec2-5}
--------------------

Data was entered into the computer and analyzed using the Statistical Package for Social Sciences (SPSS, v 17; SPSS Inc, Chicago, IL, USA). Categorical variables are presented as percentages. Sociodemographic variables as well as all continuous variables were expressed as either means ± standard deviation or mean ± standard error of mean. Differences between two means were assessed using Student\'s *t*-test while Chi-square test was used to assess the degree of association of categorical variables with Fisher\'s exact test applied appropriately. All *P* values were two-tailed, and *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

This study had a total of 699 participants aged 30 years and above with the mean age of 64.23 ± 16.41 years and 64.53 ± 15.18 years for males and the females, respectively. The BMI, waist circumference (WC), systolic blood pressure, diastolic blood pressure, and fasting blood glucose of the participants are shown in [Table 1](#T1){ref-type="table"}. The WC in females was significantly higher than that of males (83.92 vs. 87.13, *P* = 0.001), while the other clinical parameters were nonsignificantly higher in males apart from the blood pressures.

###### 

The clinical characteristics of the population

  Variable         Mean±SD        *P*                           
  ---------------- -------------- -------------- -------------- ---------
  Age (years)      64.45±15.53    64.23±16.41    64.53±15.18    0.817
  BMI (kg/m^2^)    24.22±16.77    24.65±27.99    24.05±9.16     0.672
  WC (cm)          86.22±11.93    83.92±9.60     87.13±12.63    0.001\*
  SBP (mmHg)       143.42±28.95   143.27±29.67   143.47±28.69   0.935
  DBP (mmHg)       82.23±14.18    82.06±15.07    82.29±13.83    0.847
  FPG (mmol/L)     5.52±1.90      5.59±1.95      5.49±1.88      0.644
  TC (mmol/L)      3.17±1.09      3.06±0.98      3.21±1.13      0.112
  HDL-C (mmol/L)   1.03±0.48      1.09±0.55      1.01±0.46      0.057
  LDL-C (mmol/L)   1.81±0.99      1.75±1.09      1.83±0.95      0.321
  TG (mmol/L)      0.80±0.48      0.75±0.34      0.82±0.52      0.082

\*Significant. BMI=Body mass index, WC=Waist circumference, SBP=Systolic blood pressure, DBP=Diastolic blood pressure, TC=Total cholesterol, HDL-C=High-density lipoprotein-cholesterol, LDL-C=Low-density lipoprotein-cholesterol, TG=Triglycerides, SD=Standard deviation

In the population, the average TC, LDL-C, and TG were higher in females compared to males (3.21 vs. 3.06, *P* = 0.112; 1.83 vs. 1.75, *P* = 0.321; and 0.82 vs. 0.75, *P* = 0.082, respectively). On the other hand, HDL-C was higher in males than females (*P* = 0.057) with the combined average being 1.03 ± 0.48 as shown in [Table 1](#T1){ref-type="table"}.

[Table 2](#T2){ref-type="table"} shows that 533 participants (76.3%) had low HDL-C, 37 (5.3%) had elevated TC, 135 (19.3%) had elevated LDL-C, and 31 (4.4%) had elevated TG. The low HDL-C and elevated TG were significantly higher in the female participants than in the males (83.4% vs. 51.8%, *P* = \<0.001; 5.6% vs. 1.5%, *P* = 0.011) while there was no significant difference in other dyslipidemias in between the sexes.

###### 

Dyslipidemia among the study population

  Variable         Total (%)    Male (%)     Female (%)   *P*
  ---------------- ------------ ------------ ------------ -----------
  Elevated TC      37 (5.3)     6 (3.0)      31 (6.2)     0.063
  Low HDL-C        533 (76.3)   115 (51.8)   418 (83.4)   \<0.001\*
  Elevated LDL-C   135 (19.3)   36 (18.2)    99 (19.8)    0.359
  Elevated TG      31 (4.4)     3 (1.5)      28 (5.6)     0.011\*

\*Significant. TC=Total cholesterol, HDL-C=High-density lipoprotein-cholesterol, LDL-C=Low-density lipoprotein-cholesterol, TG=Triglycerides

Across all the participants, the mean of the AIP was 0.06 ± 0.002, CRI-I was 3.76 ± 0.10, CRI-II was 2.32 ± 0.09, AC was 2.76 ± 0.10, and CHOLIndex was 0.78 ± 0.04 mmol/L \[[Table 3](#T3){ref-type="table"}\]. There was no significant difference in the atherogenic index and lipid ratios in between the sexes. All the lipid ratios are slightly higher in females than in males except the AIP where the values are almost the same for both sexes.

###### 

The distribution of atherogenic index and lipid ratios among the study population

  Indices              Mean±SEM     *P*                       
  -------------------- ------------ ------------ ------------ -------
  AIP                  0.06±0.002   0.06±0.003   0.06±0.002   0.433
  CRI                                                         
   I                   3.76±0.10    3.60±0.19    3.83±0.11    0.286
   II                  2.32±0.09    2.28±0.18    2.34±0.10    0.763
  AC                   2.76±0.10    2.60±0.19    2.83±0.11    0.286
  CHOLIndex (mmol/L)   0.78±0.04    0.66±0.09    0.82±0.05    0.080

AIP=Atherogenic index of plasma, CRI=Castelli's risk index, AC=Atherogenic coefficient, SEM=Standard error of mean

The CRI-I predicted the highest prevalence of predisposition to cardiovascular risk (47.8%) with females being at significantly higher risk (55.2% vs. 29.3%, *P* \< 0.001). AC, CRI-II, CHOLIndex, and AIP predicted a cardiovascular risk prevalence of 22.5%, 15.9%, 11.2%, and 11.0%, respectively, with no significant difference in between the sexes \[[Table 4](#T4){ref-type="table"}\].

###### 

Distribution of abnormal lipid ratios among the study population

  Indices     Total (%)    Male (%)    Female (%)   *P*
  ----------- ------------ ----------- ------------ -----------
  AIP         77 (11.0)    23 (11.6)   54 (10.8)    0.750
  CRI                                               
   I          333 (47.8)   58 (29.3)   275 (55.2)   \<0.001\*
   II         111 (15.9)   27 (13.6)   84 (16.8)    0.308
  AC          156 (22.5)   36 (18.4)   120 (24.1)   0.104
  CHOLIndex   78 (11.2)    20 (10.1)   58 (11.6)    0.577

\*Significant. AIP=Atherogenic index of plasma, CRI=Castelli's risk index, AC=Atherogenic coefficient

Discussion {#sec1-4}
==========

This study had examined and evaluated the lipid abnormalities, atherogenic indexes, and lipid ratios among semi-urban dwellers as a predictor of risk of developing cardiovascular diseases (CVDs). The participants in this study were predominantly females as were in cross-sectional studies.\[[@ref24]\] In this study, low HDL-C has the highest prevalence as an indicator of dyslipidemia while elevated TC and TG were particularly low among the participants. Low HDL-C has been reported to be high (60%, 53%, and 58.9%, respectively) in studies\[[@ref25][@ref26][@ref27]\] among urban dwellers. The high prevalence of 76.3% observed in this study further reiterates the fact that dyslipidemia is no longer an "Urban" disease. LDL-C level, which is the primary target for drug intervention according to the National Cholesterol Education Program-Adult Treatment Panel III guidelines, is relatively low in this study when compared with a similar study\[[@ref25]\] although similar to 18.6% obtained by Okaka and Eiya\[[@ref28]\] in a rural community. The lipid profile averages fall in the same range and agree with previous findings that the plasma cholesterol levels in Nigeria are less than in the developed countries.\[[@ref29][@ref30][@ref31][@ref32]\]

Judging with low HDL-C, dyslipidemia was present in a reasonable majority of the females much more than males, although when considering both sexes there is a high proportion of low HDL-C as reflected in the total value. Low HDL-C has been focused as an independent major predictor of future cardiovascular events in individuals\[[@ref33]\] and although the serum levels of other lipids seem not too disturbed as seen in our study, further analysis using lipid ratios brought out the true picture.

The average AIP in this study is lower than the recommended value of 0.1. AIP which is a logarithm of the ratio of TG to HDL-C takes into consideration the balance between atherogenic and protective lipids and may be very useful, especially in patients with hypertriglyceridemia. It puts the risk of CVDs at 11.0% for the total population; this is more than for low HDL-C. This suggests that considering low HDL alone for risk of CVDs can be exaggerative of the true picture. The average AIP gotten for the population is close to 0.08 and 0.10 reported by Adediran *et al*. for rural and urban dwellers, respectively, in a Nigerian study,\[[@ref34]\] and also 0.09 reported in an Indian population.\[[@ref11]\]

CRI-I, also called CRR, showed the highest risk of 47.8% for developing CVDs amidst the indexes and ratios, demonstrating a significant difference in the risk between the sexes. Knowing it is HDL-C dependent as is all the ratios, it is the only ratio that has HDL in both the numerator and denominator, and it is not surprising to have it relatively high just as the proportion of abnormal HDL-C is high.

Conclusions {#sec1-5}
===========

Dyslipidemia is not an uncommon feature in adult Nigerians in the semi-urban communities. Our study supports the finding that elevated level of low HDL-C, elevated TC, LDL-C, and TG may not be restricted to those in urban societies. These lipid abnormalities appear to be more pronounced as indicated by raised lipid ratios and atherogenic indexes. These lipid ratios and atherogenic indexes could be used for individuals at higher risk of CVD among Nigerian population on the clinical setting, especially when the absolute values of individual lipid profiles seem normal. Thus, the use of these indices should be encouraged to detect abnormal lipid profiles to identify individuals at increased risks of cardiovascular risk disease including CAD.
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